Background: As Canada's population ages, the location of end of life care (whether at home, extended care facility or hospital) may change depending on the location of death. We carried out a study to identify determinants of the place of death.
Background
In 1950, approximately 50% of deaths in Canada occurred in hospital. This rate increased steadily and peaked in 1994 when about 81% of Canadian deaths occurred in hospital [1] . There has been a steady and sharp decline in hospital deaths since and approximately 61% of deaths in Canada occurred in hospital in 2004 [2] . Meanwhile, the percentage of deaths occurring at home has remained relatively constant in recent years, while the proportion of deaths in extended care facilities has increased substantially over the last decade. In 2009, about 30,000 people died in British Columbia, with the majority of deaths occurring in hospital (about 54%), while the rest occurred at home (16%), in extended care facilities (27%) and elsewhere [3] .
Rates of death in hospital, at home and in extended care vary across Canada, with place of death influenced by demographic and sociologic factors such as age, sex and urban versus rural residence [4] . This issue has implications for public health policy given recent changes in the Canadian population including its ageing and changing ethnic composition. A better understanding of where specific subgroups of people die has implications for resource allocation for end of life care services in hospitals, in long term care facilities and in the community.
A recent study examined the effect of some of these determinants in Western Canada [5] . However, variations in recording of place of death among the different provinces did not permit a sufficiently detailed exploration of the independent determinants associated with place of death. We therefore carried out a study to quantify the independent contributions of various determinants of place of death in British Columbia. Determinants of interest included age, gender, marital status, urban versus rural residence, place of birth and cause of death. We were particularly interested in associations with death in extended care facilities and at home.
Methods
End of life care in British Columbia is delivered in different locations, by different teams, with relatively good integration in the delivery of patient care. At the provincial level, all patients with less than 6 months life expectancy are enrolled in the British Columbia Palliative Care Benefits Program which entitles them to receive medications, equipment and home support. In the tertiary care hospitals there are Palliative Care Units, and a Palliative Care consult team for patients in other parts of hospital with palliative care needs. There are free-standing hospices across the province for more stable patients. The homehospice program is integrated with the community home care program and the latter provides home and nursing support to patients at home. Clinical nurse specialists in palliative care and palliative care physicians provide support to the primary care physicians and nurses in the community. There is also a 24 hour toll free phone line, staffed by palliative care specialists, for physicians in remote areas with no direct access to palliative care specialists.
Our study was restricted to vital statistics data and we studied all adult deaths (≥19 years of age) in British Columbia for the years 2004 to 2008. Information about these deaths was obtained from the Vital Statistics Agency of British Columbia, which compiled this data from death registrations. The single underlying cause of death, coded using the International Classification of Diseases 10th revision (ICD-10), was based on the hierarchical cause of death information in the death registration [6, 7] .
Our study design and analysis used the proportionate mortality method to study associations between the determinants of interest and place of death. This study design is best conceptualized as a population-based case control study, with instances of a particular type of death (e.g., home death) treated as a case and an instance of another type of death serving as a control [8, 9] . Cases were defined by the specific place of death and separate analyses were carried out to determine the determinants of home death, death in extended care and hospital death. The determinants of interest included age at death (<50, 50-59, 60-69,70-79, 80-89 and ≥90 years), sex (male and female), marital status (married, never married, widowed and other, with the latter including separated, divorced and common law status), residence status (Metro Vancouver, Victoria, other urban and rural residence), place of birth (Canada, Europe, USA, China, India, Hong Kong, Philippines and other) and the underlying cause of death. The distinction between residence in an urban versus a rural area was made using postal codes [10] . The name of the city or town where death occurred was used to further categorize urban locations into Vancouver, Victoria and other urban areas.
The single underlying cause of death coded in the death registration was categorized into one of 6 leading causes of death [3] and included malignant neoplasms (ICD-10 codes C00-C97), cardiovascular disease (I00-I51), cerebrovascular disease (I60-I69), chronic obstructive pulmonary disease (COPD, J40-J44), pneumonia/influenza (J09-J181, J188, J189), vascular/senile dementia (F01-F03, G30-G32) and other causes.
The relation between each determinant and the place of death was examined and rates of death at home, hospital and extended care were calculated for each category of each determinant. Relationships between determinants and place of death were expressed using odds ratios with 95% confidence intervals (incidence density ratios technically, given the case control study design [8, 9] ). P values were used to guide inference and a two-sides P value of <0.05 was considered statistically significant. Logistic regression was used to estimate the independent effects of each determinant with the final model including variates based on all determinants of interest. Ethics approval was obtained from the University of British Columbia Clinical Research Ethics Board.
Results
There were 153,111 adult deaths in British Columbia between 2004 and 2008. Of these, 25,241 (16.5%) occurred at home, 44,349 (29.0%) occurred in extended care facilities, 78,161 (51.0%) occurred in hospital and 5,360 (3.5%) occurred elsewhere. Table 1 shows the characteristics of the decedents by place of death. The proportion of home deaths decreased with age, while the proportion of deaths in extended care facilities was highest among deaths ≥90 years. The proportions of deaths in hospital were lowest at the extremes of age. The proportion of female deaths that occurred at home was lower than the same proportion among males, while the reverse was true for deaths in extended care facilities. Among deaths of people in rural areas, home deaths were more frequent, while deaths in extended care were less frequent compared with deaths in urban locations. Similarly, place of death differed by marital status, place of birth and cause of death (Table 1) . Table 2 shows the crude and adjusted odds ratios between person characteristics and home deaths. Deaths of people aged <50, 50-59 and 60-69 years were more likely to occur at home than deaths of people at 70-79 years of age. Conversely, deaths of people aged 80-89 and ≥90 years were less likely to occur at home than deaths of people 70-79 years. Male deaths were more likely to occur at home than female deaths. Deaths among never married people were more likely to occur at home compared with deaths among the married. Comparisons by residence status showed that deaths in Victoria, other urban areas and rural areas were more likely to occur at home than deaths in Vancouver. Deaths from cardiovascular disease were more likely to occur at home compared with deaths from cancer, whereas deaths from cerebrovascular disease, Chronic Obstructive Pulmonary Disease (COPD), pneumonia/influenza, dementia and other causes were less likely to occur at home than cancer deaths. Compared with deaths in 2004, deaths in subsequent years were less likely to occur at home.
The crude and adjusted associations between person characteristics and deaths in extended care are shown in Table 3 . Deaths among older people were more likely to occur in extended care, while males were less likely to die in extended care as compared with females. Analysis by marital status showed that deaths of married people were less likely to occur in extended care facilities in comparison with deaths of those never married or widowed. Deaths in Victoria and other urban areas were more likely to occur in extended care compared with deaths in Metro Vancouver, while deaths in rural areas were less likely to occur in extended care. Analysis by cause of death revealed that deaths from cardiovascular disease, cerebrovascular disease, COPD, pneumonia/influenza, and other causes were less likely to occur in extended care facilities as compared with cancer deaths but deaths due to dementia were much more likely to occur in extended care facilities. Deaths in extended care increased in frequency after 2004 (Table 3) . Table 4 provides the crude and adjusted associations between person characteristics and deaths in hospital. Deaths at the extremes of age were less likely to occur in hospital, while male deaths and deaths of married people were more likely to occur in hospital. Deaths outside Metro Vancouver were less likely to occur in hospital, whereas deaths due to cardiovascular disease, cerebrovascular disease, COPD, pneumonia/influenza, and other causes were more likely to occur in hospital as compared with cancer deaths. On the other hand, deaths from dementia were much less likely to occur in hospital compared with deaths from cancer. There was no significant Table 5 shows the association between place of birth and place of death, with deaths of those born in Canada constituting the reference category. Deaths of people born in China and Hong Kong were less likely to occur at home, while deaths of those born in Europe and the USA were more likely to occur at home. Deaths of people born in India, China and the Philippines were significantly less likely to occur in extended care facilities. Finally, people born in China, India and the Philippines were more likely to die in hospital, while those born in Europe and the United States were less likely die in hospital as compared with people born in Canada.
Discussion
Our study showed that person characteristics such as age, gender, marital status, residence, cause of death and place of birth were significantly associated with place of death. For instance, age was a strong determinant of place of death, with younger people more likely to die at home and older people more likely to die in extended care. Males were less likely to die in extended care as compared with females and more likely to die at home or in hospital. Perhaps the most intriguing finding of our study was the association between place of birth and place of death; people born in Europe and the United states were more likely to die at home compared with those born in Canada, whereas those born in Asia were less likely to die at home and more likely to die in hospital. People born in China, India and the Philippines were less likely to die in extended care compared with those born in Canada. The increased likelihood of males dying at home or in hospital has been described previously [5, 11] , although this finding has not been consistently observed in all settings [12] . Studies have shown that even among residents of nursing homes, males are more likely to die in hospital [13] . Our study shows that adjustment for potential confounders substantially attenuated the association between male gender and hospital death (crude odds ratio 1.21, 95% CI 1.18-1.24 versus adjusted odds ratio 1.05, 95% CI 1.03-1.07). It is likely that the adjusted association is a product of residual confounding because of our use of broad age categories and potential misclassification of other factors. However, the association between male gender and increased home death and decreased death in extended care was stronger and likely represents a sociologic phenomenon.
Studies on cancer deaths show that such deaths are more likely to occur in hospital in both the big urban centres and in rural areas [14] [15] [16] . Although in our study 52.4% of cancer deaths occurred in hospital we noted that, relative to other causes of death (except deaths due to dementia), cancer patients were less likely to die in hospital.
In our study, deaths in Metro Vancouver were more likely to occur in hospital compared with deaths in Victoria and other urban areas, while deaths in rural areas were more likely to occur at home and less likely to occur in extended care or in hospital. These findings suggest that rural-urban differences may be due to a lesser degree of social support in urban centers [17, 18] . Sparse research limits our understanding of these issues [19] , although one possibility that cannot be excluded is the higher concentration of resource intense health services in urban areas and the consequent medicalization of death [20] . Access to home care services may also have an impact on location of death [21] . One of the most interesting findings of our study was the relationship between country of birth and place of death. The increased tendency of immigrants and, specifically, foreign born Asians to die in hospital has been noted in previous studies [1, 2, [22] [23] [24] [25] [26] [27] [28] . In our study, differences were observed in place of death preference among people with place of birth in China, India and the Philippines. These three population subgroups were more likely to die in hospital than people born in Canada. Whereas those born in China were less likely to die at home and extended care and more likely to die in hospital, people born in India and the Philippines were as likely as those born in Canada to die at home though not in extended care facilities. There is little information in the literature on the influence of place of birth and/or ethnicity on place of death. A study from California [23] showed that death in hospital was most common for Asian and Hispanic immigrants and least common for non-Hispanic whites and US-born Asians. Similarly, a study done on cancer patients in the United Kingdom [25] reported that Indian, Pakistani, Bangladeshi and Chinese patients were significantly more likely to die in hospital than White patients. A systematic review on minority ethnic groups and end of life care done in the United Kingdom [28] also showed that Asian patients with cancer were half as likely as non-Asians to die in a hospice, and that elderly Chinese expressed a preference for hospital care. The authors of these different studies have speculated that observed differences were due to cultural preferences, with reluctance among some immigrant subpopulations to utilize hospice services and complete advance directives. Estimates such as those in our study could be used to inform public health policy and future resource allocation based on anticipated changes to population structure. This is a critical issue as the ageing of the Canadian population will increase the number of deaths per year substantially, with deaths in British Columbia likely to increase by 27% from 2004-08 levels by 2020 and by 50% by 2035 (assuming anticipated changes in population structure [29] and no change in age-specific death rates). Planning for health service delivery needs to account for such changes if resource allocation is to be appropriately directed at end of life services in the community, in extended care facilities and in hospital. For instance, anticipated increases in the absolute number and proportion of elderly decedents, implies a greater need for extended care facilities, given the place of death patterns observed in our study. Similarly, with immigration expected to account for 77.4% of increase in population by 2036 [29] , place of birth considerations may be helpful in terms of anticipating demand for end of life services in specific locales.
Our study was based on data abstracted from death registrations which may have some inaccuracies related to the location of death, marital status and single coded underlying cause of death. The usage of postal codes to delineate urban and rural areas represents a standard method of classifying residence status but may not be completely accurate. Place of birth is not an exact determinant of ethnicity but is a pragmatic alternative that is both relevant and informative in this context. Finally, our study was descriptive and focused on where people died and not what kind of services they received as we did not have access to data about end of life services. Location of death should not be used as proxy for the extent of community-based resources as the final location of death may not necessarily be the location of care during most of the end of life [30] .
Conclusions
In summary, our study shows that age, sex, marital status, rural versus urban residence, cause of death and place of birth are significant determinants of death at home, in extended care facility or in the hospital. The findings of our study can be used for the rational and knowledgebased allocation of health care resources including those required for hospital, extended care and community services at the end of life.
